Abstract -In preparation of samples for chromatographic determination of ochratoxin A, two types of columns were used for sample cleanup (SPE and immunoaffinity columns). The first method consisted of liquid-liquid extraction with a mixture of chloroform and phosphoric acid, followed by ion-exchange cleanup on Waters Oasis MAX columns. The second method consisted of extraction with a mixture of water and methanol, followed by LCTech OtaCLEAN immunoaffinity column cleanup. Recoveries of the methods were determined at three levels in three repetitions for maize flour, and they were 84% (%RSD = 19.2) for the first method of sample preparation and 101% (%RSD = 2.2) for the second method. Values of LOQ for OTA were 0.25 and 1.00 μg/kg for the IAC and SPE clean-up procedures, respectively. Both methods comply with present regulations, but the MAX sample clean-up procedure should be used as an alternative, since the immunoaffinity column clean-up procedure is characterized by better reproducibility, accuracy, and efficiency.
INTRODUCTION
Ochratoxin A, N-[(3R)-(5-chloro-8-hydroxy-3-methyl-1-oxo-7-isochromanyl)carbonyl]-L-phenylalanine, is a mycotoxin produced by certain species of Aspergillus and Penicillium fungi. The natural occurrence of this toxin in grains and other plant products has been widely reported (KuiperGoodman and Scott, 1989; Størmer, 1992; Harwig et al., 1995) . Experimental diets containing ochratoxin A have a deleterious effect on a number of animal species. Biological and biochemical effects associated with ochratoxin A include nephropathy, teratogenicity, enhancement of lipid peroxidation, partial inhibition of ATP-dependent calcium uptake, carcinogenicity, and inhibition of the cell-mediated immune response (Kuiper-Goodman and Scott, 1989; Størmer, 1992) . Human exposure to ochratoxin A can occur directly by consumption of contaminated plant-derived food or indirectly by consumption of animal tissues from livestock exposed to contaminated materials (Petkova-Bocharova et al., 1988) . It has also been linked with nephropathy in Bulgaria and former Yugoslavia (Hult et al., 1992) .
The Joint FAO/WHO Expert Committee on Food Additives (JEFCA) has established a provisional tolerable weekly intake of 100 ng/kg body weight (Benford et al., 2001) . Regulatory limits for OTA have also been settled by the European Union, with maximum allowable concentrations ranging from 2 to 10 ppb in some commodities, i.e., cereals and derived products, grapes, dried grapes, grape juice, must, wine, and coffee (Anonymous, 2005) .
Many analytical methods have been developed for the determination of ochratoxin A, mainly involving the use of thin-layer chromatography (TLC) or high-performance liquid chromatography -HPLC (Trucksess, 1995) . Some papers have reported using solid-phase extraction for analysis of ochratoxin A in maize (Pelegri et al., 1997) , beer (Medina et al., 2006) , and wine (Berente et al., 2005) . The IAC clean-up procedure is widely used, allowing a lower limit of detection (compared to clean-up with C18) and accurate and reproducible results (Gilbert and Anklam, 2002; Blesa et al., 2004) . In this paper, the performances of two different cleanup procedures, viz., use of immunoaffinity and SPE columns, were compared for determination of ochratoxin A in maize flour.
MATERIAL AND METHODS
The ochratoxin A standard, 50 µg/mL (in benzene/acetic acid, 99:1), was purchased from Sigma (Sigma-Aldrich, Bellefonte, USA). A stock solution of about 1 µg/L was prepared by evaporation of a standard base solution and dissolution in 50 ml of a filtered LC mobile phase. Working standard solutions were prepared by appropriate dilution of this solution with the LC mobile phase. Acetonitrile and methanol (both LC-grade), hexane, formic acid (p.a.), and acetic acid (suprapure) were from Merck (Darmstadt, Germany). Phosphoric acid (85%, analytical grade) was from LACHEMA (Neratovice, Czech Republic). Pure water was obtained from the Purelab ® ELGA water purification system (Vivendi Water Systems Ltd., UK). Glass-microfiber filters (GF/A) were from Whatman (Maidstone, UK). Econofilters of regenerated cellulose (0.45 µm) were from Agilent (Germany). OtaCLEAN immunoaffinity columns were from LCTech GmbH (Dorfen, Germany), and Oasis MAX extraction cartridges were purchased from Waters (Waters, Ireland).
Samples of maize flour were obtained from domestic markets.
Apparatus
For HPLC analysis, an Agilent 1100 liquid chromatograph, equipped with a fluorescence detector (FLD), was used. Data were analyzed with ChemStation A.10.02(1757) Agilent Technologies 2003 software. Separation was performed on a Waters Symmetry C-18 column (150 mm · 4.6 mm · 5 μm) at 40°C. A mixture of acetonitrile and 2% acetic acid (60:40, v/v) at a 1-mL/min flow-rate was used as the mobile phase. Quantification of OTA was performed by measuring its peak area with the aid of a calibration curve calculated from standard solutions. Excitation and emission wavelengths were 333 and 480 nm, respectively.
Clean-up with an SPE column
Two hundred milliliters of chloroform and 25 ml of phosphoric acid 0.1 M were added to an Erlenmeyer flask containing 20 g of a maize sample. The mixture was magnetically stirred for 30 min and then transferred into a 500-ml separatory funnel. Fifty milliliters of the lower layer were transferred to a round-bottom flask and evaporated to dryness on a rotary evaporator. The residue was dissolved in 5 ml of hexane and 5 ml of methanol/water mixture (1:1, v/v). The solution was transferred to a 50-ml separatory funnel and shaken gently. The lower phase was collected in a 25-ml Erlenmeyer flask and the upper phase extracted twice more with 5 m-of the methanol/water mixture (1:1, v/v) used to rinse the roundbottom flask containing the residue. All the lower phases were combined and added at a flow rate of 1 ml/min to a MAX column previously conditioned with 5 ml of methanol and 5 ml of methanol/water mixture (1:1, v/v). The column was then washed with 8 ml of methanol/water mixture (3:1, v/v) and 3 ml of methanol at a flow rate of 2 ml/min. These washes were discarded and ochratoxin A was eluted with 2 x 5 ml of methanol/formic acid mixture (98:2, v/v) at a flow rate of 2 ml/min. Both solutions were combined and evaporated to dryness under nitrogen and the residue dissolved in 500 μl of the mobile phase and injected into the HPLC system.
Clean-up with an immunoaffinity column
Ten grams of a maize sample was extracted with 40 ml of methanol/water mixture (80:20, v/v) in a blender jar at high speed for one minute. The extract was filtered through a glass-microfiber filter, and an aliquot of 4 ml was added to 46 ml of PBS buffer (pH 7.2). The diluted extract was passed through an OtaCLEAN column. A gentle vacuum or overpressure can be used in all steps involving passage of liquid through the column. The column was washed with 10 ml of distilled water and carefully dried. Ochratoxin A was eluted at least two times with 1 ml of methanol. The combined solutions were then evaporated to dryness under a gentle stream of nitrogen. The residue was resolved in 500 µl of the mobile phase and injected into the HPLC system.
RESULTS AND DISCUSSION
A typical chromatogram of an OTA standard solution is presented in Fig. 1 . The chromatographic resolution was satisfactory, while the retention time of OTA was 4.0 min.
Linearity studies
Linearity testing was performed over a concentration range of from 2.5 to 100 ng of OTA/ml. For preparation of standard solutions containing 2.5, 4.0, 5.0, 10.0, 20.0, 50.0, and 100 ng of OTA/ml, a mobile phase consisting of a mixture of acetonitrile and 2% acetic acid (60:40, v/v) was used as a solvent. Each standard solution was chromatographed in two repetitions. The resulting calibration curve, obtained by processing of all calibration data, showed good linearity over the range of tested concentrations (y = 0.72728x-0.10871). The correlation coefficient was 0.9984 and RSD was 0.48288, which fulfills the linearity requirement of the method.
Recovery studies
Recovery studies were carried out by spiking maize (10 or 20 g), depending on the extraction procedure, with known volumes of the appropriate working standard solutions. Table 1 presents the results of spiking maize with OTA. The IAC clean-up method showed the best recoveries. Average recoveries were 100.6 to 101.7%, and RSD (%) ranged from 0.99 to 3.93.
Limit of detection (LOD) and quantification (LOQ)
From the regression line obtained, the limit of detection (LOD) was estimated as the OTA concentration giving a signal equal to b+3Sb, where b is the intercept and Sb is the standard error of the estimate (assumed to be noise). The LOD value for OTA was 0.5 ng/ml, and LOQs were 0.25 and 1.00 μg/kg for the IAC and SPE clean-up procedures, respectively.
Comparison of IAC and SPE sample preparation procedures
Samples were analyzed using both clean-up procedures (with IAC and SPE, alternatively). The corresponding basic characteristics and analytical parameters of these procedures are listed in Table 1 . The IAC procedure gave better recoveries and RSD % in comparison with SPE. Figures 2 and 3 show HPLC chromatograms of samples prepared by IAC. Table 2 shows that the IAC procedure has many advantages over the SPE procedure: smaller amounts of the sample and organic solvent are needed; the method gives higher recovery; it is more reliable, easier, and faster (extraction and purification require only one step); and it is also more environment-friendly. The number of peaks appearing in Fig. 3 is smaller than the number of peaks in Fig. 2 , without doubt due to the high specificity of IAC clean-up. All these data (Table 1 , Figs. 2 and 3) clearly indicate that the two procedures provide acceptable results in terms of recovery, as stated above, but LOQ is lower for the IAC method, which may be due to better purification of the sample and high specificity of the IAC columns. Furthermore, samples with high fat content showed poor recoveries when the MAX SPE clean-up procedure was used.PE and IAC clean-up procedures (recovery and RSD testing). У процесу припреме узорака за хроматограф-ско одређивање охратоксина А (ОТА), коришће-на су два типа колона за пречишћавање узорака (SPE и имуноафинитетне колоне). Прва метода се састојала од течно-течне екстракције смешом хлороформа и фосфорне киселине, праћене пре-чишћавањем на јоноизмењивачкој Waters Oasis MAX колони. Друга метода састојала се од екс-тракције смешом вода-метанол, праћене пречи-шћавањем на LCTech OtaCLEAN имуноафини-тетној колони. Ефикасност оба поступка одређи-вана је на три нивоа концентрација, у три пона-вљања за кукурузно брашно и износила је 84 % (%RSD = 19.2), за прву методу припреме узорака и 101 % (%RSD = 2.2) за другу методу припреме узорака. LOQ за OTA износио је 0.25 μg/kg и 1.00 μg/kg за IAC и SPE процедуре пречишћавања узо-рака, респективно. У складу са захтевима актуел-не регулативе оба поступка се могу применити, с тим што MAX поступак за пречишћавање узо-рака треба користити као алтернативу, пошто поступак пречишћавања на имуноафинитетним колонама даје бољу репродуктивност, тачност и ефикасност.
